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FLUOROGENIC PROTEASE SUBSTRATES BASED ON 
DYE-DEVfERIZATION 

Field of the Invention 

5 This invention relates to a method of preparing and using protease 

substrates that become highly fluorescent upon enzymatic hydrolysis. This 
invention finds use in detection and identification of microorganisms, sterilization 
assurance, pharmaceutical discovery, enzyme assays, immunoassays, and other 
biological tests. 

10 

Background of the Invention 

Proteases are a class of enzymes that catalytically hydrolyze peptide bonds. 
Their primary chemical sequence and unique three-dimensional structure determine 
their activity and specificity. Depending on the active site composition, proteases 

15 are classified into major groups including aspartic, metallo-, thiol-, and serine 
proteases. The role of proteases in physiological processes is widely recognized. 
Not only are they involved in such functions as digestion, blood coagulation and 
fibrinolysis (Lottenberg, R.; Christensen, U.; Jackson, CM.; Coleman, P:L., Assay 
of Coagulation Proteases Using Peptide Chromogenic and Fluorogenic 

20 Substrates; Methods in Enzymology 1981, 80, 341-361), but also in ovulation, 

tumorigenicity, immune response, and viral and bacterial infection, etc. (Livingston, 
D.C.; Brocklehurst, J R.; Cannon, J.F.; Leytus, S.P.; Wehrly, J.A.; Peltz, S.W.; 
Peltz, G. A.; Mangel, W.F., Synthesis and characterization of a new fluorogenic 
active-site titrant of serine protease; Biochem. 1981,20,4298-4306). For 

25 example, retroviruses such as HIV are known to encode a protease which functions 
to process precursor proteins at specific cleavage sites. These cleavages occur 
during the virion assembly and are required for the maturation of infectious virus 
particles. Thus, inhibition of these proteases has become an important target for the 
design of antiviral agents, including those for AIDS. 

30 In addition, public awareness of antibiotic resistant bacteria strains and 

food-borne illnesses is increasing. The management of microbial risks in healthcare, 
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cosmetics, food and beverage industries is a serious health and safety issue. 
Bacterial testing is an integral part of managing microbial risks. The ability of many 
bacteria to produce proteases is a widely used criterion for identification and 
characterization of certain pathogenic species. 
5 Sensitive and quantitative enzyme assays are required for the discovery and 

understanding of biological functions of proteases, the diagnosis of physiological 
disorders and the development of therapeutical drugs. A variety of techniques have 
been used to measure protease activities, including enzyme-linked immunosorbent 
assays (ELISA), high performance liquid chromatography (HPLC), protein 

10 immunoblot analysis, and thin layer electrophoretic analysis. However, these 
methods usually required multiple steps and multiple reagents, and are slow and 
expensive to operate. They are sometimes impractical for applications such as high- 
throughput screening of pharmaceutical drugs, e.g., protease inhibitors. 

Fluorogenic substrates are molecules that change from nonfluorescent to 

15 highly fluorescent upon enzymatic hydrolysis. They are widely used as molecular 
probes for studies and tests of viral and bacterial proteases, nucleases, 
saccharidases, phosphatases and kinases (Manafi, M; Kneifel, W.; Bascomb, S., 
Fluorogenic and Chromogenic Substrates used in Bacterial Diagnostics; 
Microbiological Reviews 1991, 55, 335-348). The fluorescence can be readily 

20 observed under UV illumination, by a fluorescent microscope, in a 96-well plate 
reader, or in a flow cytometer. 

Several fluorogenic protease substrates are available commercially. 
Examples include EnzCheck™ kits (Molecular Probes, Inc., Eugene, OR), which 
use highly-quenched casein substrates bearing 4,4-difluoro-4-borata-3a-azonia-4a- 

25 aza-s-indacene (BODIPY) fluorophores. When cleaved, fluorescent BODIPY- 
peptides are released. Typically, a two-fold increase in fluorescence intensity, at 
530 nm, is observed for trypsin concentrations of up to 500 ng/mL. A fluorogenic 
substrate for HIV protease is available (Molecular Probes, Inc.) that includes the 
HIV protease cleavage site and, on one side thereof the fluorophore 5-((2- 

30 aminoethyl)amino)naphthalene-l -sulfonic acid (EDANS) and on the other side 

thereof, the acceptor chromophore 4-(5-dimethylaminophenyl)azobenzene sulfonic 
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acid (DABCYL). As described in European Patent Application No. 428,000, 
EDANS fluorescence is quenched by the DABCYL chromophore through 
intramolecular resonance energy transfer, a process requiring that the donor and 
acceptor be separated by no more than 100 Angstroms along the peptide chain. 
5 The fluorophore is excited by radiation at 340 nm and fluoresces at 490 nm, which 
can be obscured by absorbance or fluorescence of the bacterial culture medium. 

U.S. Patent No. 4,314,936 describes an enzyme assay substrate comprising 
an uninterrupted peptide chain to which is attached a fluorescent group in one part 
of the peptide and a fluorescence quenching group in another part. Cleavage of the 

10 chain at any point between the two liberates the fluorophore for detection and 
quantification. Specific amino acid sequences are prepared for specific enzymes. 
Fluorophores include eosinyl-, rhodaminyl-, and fluroesceinyl-type dyes as well as 
EDANS-type moieties. Quenching species (which are not dyes or fluorophores) 
include nitrosated aromatic compounds such as nitrophenyl, 

15 nitrobenzyloxycarbonyl, nitrobenzoyl, etc. 

PCT Patent Application No. WO 95/03429 describes an immunoassay 
procedure wherein a fluorogenic tracer comprises a short antigen-mimicking 
peptide labeled with both a fluorescent energy transfer donor and a fluorescent 
energy acceptor. When free in solution, the tracer exhibits very little fluorescence 

20 due to intramolecular dye dimerization (quenching); when bound to an antibody of 
the native antigen, fluorescence is considerably increased due to dissociation of the 
molecular dimer brought about by conformational changes in the tracer peptide. 
Representative fluorescent energy dyes that form intramolecular dimers include the 
fluorescein family, such as fluorescein, tetramethyl rhodamine, rhodamine B, and 

25 Texas Red. Thus, the application describes fluorescence enhancement upon binding 
rather than fluorescence upon cleaving, and fluorescence quenching relies on a 
combination of energy transfer and dye dimerization. 

U.S. Patent Nos. 4,822,746 and 5,254,477 describe quantitative and 
qualitative analysis of analytes that relies upon the interaction of a fluorophore with 

30 a chromophoric light absorbing compound or with a second (light absorbing) 

fluorophore. Quenching occurs via both radiative and non-radiative energy transfer 
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by the fluorophore when in the excited state, rather than by dye dimerization. By 
this means, the method of '746 is able to produce only a 10-20% increase in 
fluorescence in the presence of an analyte. 

U.S. Patent No. 5,605,809 describes peptides useful for protease detection, 
5 the peptides having a fluorophore conjugated to each end and folded such that the 
fluorophores exhibit quenching via intramolecular energy transfer. When cleaved 
by a target protease, the fluorophores are released from close proximity and the 
resulting signal is detected and quantified. Figures 2 A and 2B of '809 show that, at 
most, an 9-fold increase in fluorescence is seen on cleavage of the substrate. A 

10 large number of peptides, ranging in size from 2 to about 8, preferably 2 to about 6 
amino acids in length, is described. The fluorescent indicators absorb and emit light 
in the visible region (400 - 700 nm). 

Fluorescence dye quenching commonly takes place by a number of 
mechanisms, including energy transfer and dye dimerizatioa In both cases, when a 

15 molecule comprising a fluorescent dye donor and an acceptor (wherein acceptor 
may or may not be a fluorescent dye) linked by a chain X is excited by input of 
energy, typically by irradiation with a specific wavelength of light, energy is 
transferred from the donor dye to the acceptor dye rather than being dissipated by 
fluorescence. Energy Transfer, also referred to as Forster-type dipole-dipole 

20 interaction, generally takes place over a longer distance between donor and 
acceptor (on the order of 100 Angstroms). See, for example, L. Stryer et al., 
Energy Transfer: Spectroscopic Ruler; Biochemistry, 1967, 58, 719-726. Dye 
Dimerization or Dye Stacking, on the other hand, occurs when two or more 
fluorescence molecules are separated by a short-enough distance for their planar 

25 aromatic rings to interact to form aggregates such as dimers and trimers. The 
absorbance spectra of dyes in a dimer- or stacked state are substantially different 
from those of the same dye in energy transfer pairs. Dye dimer absorption spectra 
show characteristic decrease in the principal absorption peak as dye concentration 
increases, while showing a characteristic increase in the shoulder peak. This 

30 phenomenon is commonly referred to as "band splitting." See, for example, K. K. 
Rohatgi and G. S. Singhal, 1 Phys. Chem. y 1966, 70, 1695-1701. See also, Figure 
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2 (infra). Concentration increases can be accomplished either by increasing the 
amount of dye in a unit volume, or by physically locating two (or more) dye 
molecules closely together on a linker molecule, such as a peptide or other small 
molecule. Dimerization or stacking takes place through the formation of ground- 
5 state complexes (i.e., through close physical contact), whereas energy transfer 
interactions occur through space. Because of this, these spectral changes are not 
seen for dyes that interact by energy transfer mechanisms. 

Summary of the Invention 

10 Briefly, this invention provides a method of biological assay comprising the 

steps of: 

providing an enzyme substrate comprising two or more fluorescence dye 
groups bound to a peptide comprising one or more enzymatically-cleavable bonds, 
the dye groups being of sufficiently close proximity so as to essentially self-quench 

15 fluorescence of the dye groups, wherein self-quenching of fluorescence of the dye 
groups is effected by dye stacking, preferably dye dimerization, and 

enzymatically cleaving one or more of the enzymatically-cleavable bonds to 
release the fluorescence dye groups from dye dimerization or dye stacking, and 
resulting in increase in fluorescence intensity. 

20 In a preferred embodiment, this invention provides a protease substrate 

comprising a peptide including two fluorescent dye groups, the dye groups being of 
proximity sufficiently close so as to essentially quench fluorescence of the dye 
groups by intramolecular dimer formation. 

It is to be appreciated that more than two fluorescent groups can be bound 

25 to the peptide of the protease substrate and can participate in the intramolecular 
quenching. 

A method of detecting a microorganism which produces a characteristic 
enzyme comprising the steps: a) providing an enzyme substrate specific for said 
characteristic enzyme comprising two or more fluorescence dye groups bound to a 
30 peptide comprising one or more bonds cleavable by said characteristic enzyme, the 
dye groups being of proximity sufficiently close so as to essentially self-quench 
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fluorescence of the dye groups, wherein self quenching of fluorescence of the dye 
groups is effected by dye stacking, and b) cleaving one or more of said cleavable 
bonds of the peptide by said characteristic enzyme to release the fluorescence dye 
groups from dye dimerization, and producing an increase in fluorescence intensity. 
5 Preferably, the substrate comprises a short peptide with two molecules of a 

fluorescent dye (e.g., tetramethylrhodamine). The peptide provides affinity and 
specificity for the enzyme. Before hydrolysis, the dye molecules form an 
intramolecular dimer due to close proximity, resulting in significant fluorescence 
quenching. Enzymatic hydrolysis of a specific peptide bond produces a significant 

10 increase in fluorescence intensity because the dye groups dissociate from each 
other. The fluorescence can be readily observed under UV illumination, by a 
fluorescent microscope, in a 96-well plate reader, or in a flow cytometer. 
Preferably, fluorescent radiation is emitted in the visible spectrum. Fluorogenic 
substrates are homogeneous since no other developing reagents are required. This 

15 is important because it allows for detection and identification of microorganisms to 
be performed by using the primary isolation media, thus bypassing the need for 
time-consuming isolation procedures prior to identification. 
In this application: 

"dye dimerization" means formation of a complex between two dye groups; 
20 "dye stacking" means formation of a complex between two or more dye 

groups; 

"fluorescence 1 * means light emission by a substance at a given wavelength 
upon absorbing light of a different wavelength, wherein light emission occurs only 
during light absorption; 
25 "molar absorptivity" means the relative light absorption of a light absorbing 

species, calculated as the absorbance per molar concentration per 1 cm path length 
oflight; 

"fluorescent quantum yield" means the ratio of the number of fluorescent 
photons emitted by an emitting substance to the total number of photons absorbed 
30 by the substance; 
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"fluorophore" means a molecule that emits light at a given wavelength when 
stimulated by absorption of light of a different (usually shorter) wavelength. 

This invention provides advantages over conventional methods for detection 
and identification of microorganisms. It provides a rapid and convenient 
5 homogeneous approach and employs chromogenic and fluorogenic substrates for 
measuring activities of extracellular and intracellular enzymes. The method and 
substrates of the invention have led to improved accuracy, faster detection and 
overall lower cost in detection and identification of microorganisms. In preferred 
embodiments, the present invention provides fluorogenic indicators that show a 
10 high signal level when cleaved and a very low noise level when intact, and that 
operate exclusively in the visible range. Additionally, this invention allows for 
examination of several bacteria simultaneously through judicious design and choice 
of peptides and the fluorophores attached thereto. 



15 Brief Description of the Drawing 

FIG. 1 is a conceptual illustration of a fluorogenic substrate based on dye- 
dimerization. 

FIG. 2 shows the absorption spectra of T-VPRGK-T (approximately 10" 5 M) 
before (tracing A) and after (tracing B) enzymatic hydrolysis by trypsin 
20 (approximately 10' 7 M). 

FIG. 3 shows fluorescence spectra before exposure (tracing D) and after 
exposure (tracing C) to a lysate of Vibrio parahaemolyticus. 

Detailed Description of Preferred Embodiments 

25 This invention provides a protease substrate and a method of biological 

assay using a protease substrate comprising two or more fluorescent dye groups, 
the dye groups being in sufficiently close proximity so as to essentially quench 
fluorescence of the dye groups, the protease substrate having one or more 
enzymatically-cleavable bonds, wherein self-quenching of fluorescence is effected 

30 by dye stacking, preferably by dye dimerization, and 
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enzymatically cleaving one or more of the enzymatically-cleavably bonds so 
that the resulting products each comprise a fluorescent dye group that prodcues an 
increase in fluorescence intensity. 

The dye groups are fluorophores which preferably are separated from each 
5 other prior to cleavage by a distance of less than 100 A. 

Preferably, the method employs a substrate comprising two self-quenching 
fluorescence dye groups. More preferably, the method employs a substrate 
comprising two identical self-quenching fluorescence dye groups. 

In another aspect the invention provides a fluorogenic enzyme substrate 

10 comprising at least two fluorescence dye groups covalently bound to a peptide, the 
dye groups being in sufficiently close proximity to essentially self-quench 
fluorescence of the dye groups, wherein self-quenching of fluorescence of the dye 
groups is effected by dye stacking. Preferably, at least two of the fluorescence dye 
groups are identical. More preferably, the fluorogenic enzyme substrate comprises 

IS two identical fluorescence dye groups. 

Fluorescence is one of the most sensitive detection techniques available 
today. Zeptomolar amounts of enzyme molecules have been studied using a 
fluorescence microassay. Single enzyme molecules have been detected in an oil- 
dispersed droplet by fluorescence microscopy. Individual molecules of an enzyme 

20 have been manipulated electrophoretically in a capillary tube and monitored by 
fluorescence spectroscopy. See Xue, Q.; Yeung, E.S. Differences in Chemical 
reactivity of Individuals molectdes of an enzyme; Nature 1995, 373. 681-683. 
Assays for detection of coliform bacteria using (J-galactosidase as a marker enzyme 
have been developed. Fluorometry was found to have a 250-fold increase in 

25 sensitivity and 5 hour reduction in the time of detection, relative to colorimetric 
methods. See Van Poucke, S.O.; Neils, H.J. Development of a Sensitive 
Chemiluminometric Assays for the Detection of fi-Galactosidase in Permeabilized 
Coliform Bacteria and Comparison with Fluorometry and Colorimetry; Appl Env. 
Microbiol 1995, 61, 4505-4509. 

30 To prepare fluorogenic substrates of the invention, a selected relatively 

small peptide comprising 2 to 1 0 amino acids which are joined through peptide 
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bonds is obtained as disclosed below and is then labeled with a pair of fluorescent 
dyes which, when appropriately bonded to the peptide to form a "conjugate", has 
the characteristic of dimerizing or "stacking" so as to quench any fluorescence of 
both fluorophores. The dye pairs do not necessarily have to be fluorescence energy 
5 transfer donor and acceptors. The type of dyes which exhibit such stacking 
characteristics when bonded to the small peptide within a sufficiently close 
proximity to one another include those dyes which have a generally planar aromatic 
structure so as to be capable of forming homo- or heterodimers when in solution at 
concentrations which are sufficiently high (for example, 10" 2 to lO^M). 

10 More particularly, fluorogenic protease substrates useful in the present 

invention can be made by chemical reaction of a peptide of short length, preferably 
less than 100 A, and two molecules of a fluorescent dye. Protease substrates are 
commercially available (e.g., GeneMed Biotechnologies, San Francisco, CA). 
Covalently bonding fluorescent dyes to protease substrates is well known in the art. 

1 5 Representative peptides useful to produce the fluorogenic protease 

substrates include those peptides having about 2 to 10 amino acids, preferably 4 to 
8 amino acids, such that the dye groups can dimerize and such that the peptide has 
an enzyme specific cleavable site. Upon cleavage of the substrate, however, the 
fluorescence intensity will be enhanced as a result of dissociation of the 

20 intramolecular dimers. 

More preferably, substrates useful in the invention include at least one ARG- 
GLY sequence. Most preferably, the substrate comprises a peptide of the sequence 
Val - Pro - Arg - Gly - Lys having fluorescent dye groups covalently attached at 
each terminal residue. 

25 Fluorogenic protease substrates useful in the present invention can be made 

by methods known in the art; see for example, European Patent Application No. EP 
0 428,000. 

Useful fluorescent dyes for reacting the peptides to produce the protease 
substrates include those that undergo dye stacking. It is well known that some 
30 fluorescent dyes (e.g., fluoresceins, rhodamines, cyanines, boron-heterocyclic dyes 
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such as 4,4-difluoro-4-borata-3a-azonia-4a-aza-.s-indacene (BODIPY), etc.) form 
dimers in aqueous solution when they are within close proximity of each other. 

Planar aromatic dyes of the fluorescein family, such as fluorescein, 
tetramethylrhodamine (TMR), rhodamine B, and Texas Red are representative dyes 
5 of this type. Due to the interaction between the transition dipoles of the resonating 
dimeric structure, the fluorescent quantum yield of the dimer will be quite low when 
no enzyme that can cleave the peptide is present. When the dimer dissociates after 
cleavage by the enzyme significantly higher fluorescence quantum yield in aqueous 
solution will be observed. In this manner, a homogenous enzyme assay can be 

10 designed wherein labeled peptide is placed in solution and the enzyme analyte is 
added, so that the enzyme cleaves the peptide, causing dimerization to decrease 
with an attendant increase in fluorescence. 

Enzymatic cleavage is achieved by contacting the fluorogenic substrate with 
the specific enzyme or enzyme contacting medium. 

15 Enzymes suitable for use in the present invention include all enzymes 

generally classified as proteases, i.e., proteins that catalytically hydrolyze peptide 
bonds, including, for example, aspartic, metallo-, thiol, serine, retroviral, and trypsin 
proteases. Preferred enzymes include members of the trypsin family, such as 
thrombin, trypsin-like enzymes, etc. 

20 Although there are many different types of fluorogenic substrates, the 

mechanisms by which they work may be classified into three major categories: 
chemical, physical, and physio-chemical. 

The biological assay method of the present invention is homogeneous. It 
does not require separation steps as found in assay formats such as ELISA and 

25 bioluminescence. This translates to more efficient use of in reagents, labor, time 
and equipment for end-users and vendors alike. Typically, fluorophores used in the 
method of the invention absorb light in the ultraviolet range. Although useful, UV 
detection sensitivity can be reduced in biological samples containing molecules that 
absorb strongly in the ultraviolet. In addition, some noncleaved indicators have 

30 substantial background fluorescence. It is desirable to have fluorogenic indicators 
that show a high signal level when cleaved and a very low noise level when intact, 
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and that operate exclusively in the visible range. The present invention teaches a 
method to provide these benefits and also offers the potential of examining several 
bacteria simultaneously through the judicious design and choice of peptides and the 
fluorophores attached thereto. 
5 Dyes of the rhodamine family such as fluorescein, tetramethylrhodamine, X- 

Rhodamine, and Rhodamine B have very high fluorescent quantum yields 
(approximately 0.85) in the visible wavelength range (400 - 700 nm). For this 
reason they are frequently used as laser dyes, indicators, biological labels, for * 
remote sensing, and for detection of minute amount of substances. Importantly, 

10 these dyes are known to form stacked dimers that self quench fluorescence when 
brought into close proximity such as at high concentrations (~ 10 2 to lO^M). For 
many applications this phenomenon is obviously undesirable. However, this 
phenomenon may also be used to advantage. If two dye molecules are attached, 
i.e., labeled, at each terminal residue of a short peptide (2 to 10 amino acid 

15 residues), the labeled conjugate shows little fluorescence, due to self quenching. 
Because this is an effective increase in the local concentration, the conjugate will 
stay quenched regardless of the total concentration. When cleaved by an enzyme, 
the two labels are separated, producing high intrinsic fluorescence. Therefore, 
enzyme activity can be directly related to the net increase in fluorescence intensity. 

20 If the enzyme is secreted from eukaryotic or prokaryotic cells, the fluorescence 
intensity may be related to the metabolic activity of the cells. The ability of one 
enzyme molecule to turn over millions of substrate molecules is an amplification 
process. This amplification is further enhanced when the enzyme is from a live cell 
culture because more enzyme molecules are generated as the cells grow. This 

25 "double amplification", when coupled with fluorescence techniques, offers a 
promising approach to rapid, sensitive and specific detection of bacteria. This 
concept is illustrated in FIG. 1. 10 represents a bacterium, for example, 
Staphylococcus aureus or Vibrio parahaemotyticus, which produces an enzyme 12, 
for example, a or trypsin-like enzyme. 12 catalytically cleaves peptide substrate 18 

30 (nonfluorescent) comprising two quenched fluorescent dye groups N and C to 
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produce two product fragments 14* and 16* which comprise highly fluorescent dye 
groups N 1 and C\ 

As noted above, representative peptides useful to produce fluorogenic 
protease substrates includes those peptides having about 2 to 10 amino acids such 
5 that the dye groups can stack and such that the peptide has an enzyme-specific 
cleavable site. Since there is a large number of proteases, there is an equally large 
number of peptides that can be useful in the invention. The specific requirement is 
that a target peptide must have the requisite chemical bond attacked by the 
protease. For example, as discussed below, trypsin is known to hydrolyze peptides 

10 on the carboxyl side of an arginine or lysine residue, so any peptide with this 
characteristic can be a trypsin substrate. 

Vibrio parahaemolyticus is a pathogen that causes seafood-related 
poisoning and produces a trypsin-like enzyme intracellular^ that is commonly used 
as a marker for identification of Vibrio parahaemolyticus. It specifically hydrolyzes 

1 5 the peptide bond after the amino acid arginine. The enzyme is made available to 
contact with the fluorogenic substrate by the use of agents that increase the 
permeability of the outer membrane (OM). Ethylenediaminetetraacetic acid 
(EDTA) is commonly used for this purpose by effecting the outer membrane barrier 
of gram-negative enteric bacteria. It removes, by chelation, stabilizing divalent 

20 cations from their binding sites in lipopolysaccharides (LPS). This results in the 
release of a significant proportion of LPS from the cells. The loss of LPS will lead 
to the appearance of phospholipids in the outer leaflet of the OM, which would then 
act as channels through which hydrophobic compounds can diffuse. Under certain 
conditions, the OM becomes ruptured and permeable to macromolecules. See 

25 Vaara, M. Agents that increase the permeability of the outer membrane; 
Microbiol Reviews 1992, 56, 395-41 1. 

Trypsin is a potent enzyme that cleaves any peptide bond after a positively 
charged Arg residue, independent of its neighboring residues. Other enzymes in the 
same family (e.g., thrombin), however, depend on the surrounding residues, a 

30 property that renders them their specificity. 
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Trypsin and trypsin-like enzymes are used as a model in FIG. 1 to 
demonstrate this concept. Trypsin is a highly specific proteolytic enzyme from the 
intestine and is among the most potent enzymes known. It hydrolyzes peptide 
bonds on the carboxyl side of an arginine or lysine residue. This property of trypsin 
5 is well characterized. To evaluate the inventive concept, the following sequence 
was designed: 

(N-terminus) Val-Pro-ARG-GLY-Lys (C-terminus) Seq. 1 
wherein the free amine is on the valine (N-terminus) and the free carboxylic 
acid is on lysine (C-terminus). 
10 The amide bond between two residues (in bold) is the trypsin cleavage site. 

The role of flanking residues is to reduce steric hindrance when dyes are attached. 
The amino groups on Val and Lys are used to react with dye groups. The carboxyl 
group in the C-terminus can be used to attach to a solid support when appropriate. 
The present invention differentiates itself from commercially available . 
15 approaches using protease substrates in both the working mechanism and 

sensitivity. It has been found that the present invention provides at least 10-, 20-, 
30-fold and higher increases in fluorescence compared to conventional assay kits 
available commercially which only result in a 2-fold increase in fluorescence using a 
protease substrate. 

20 For rapid and sensitive tests, it is important to maximize the signal-to-noise 

ratio. Most traditional fluorogenic substrates emit in the far UV wavelength region 
(350-450 nm) where most bacteria growth media have significant auto fluorescence. 
For example, the culture medium for Staphylococcus aureus has two significant 
emission maxima at 425 nm and 475 nm when excited at 360 nm. In order to avoid 

25 this problem, high substrate concentrations are normally used. This can result in 
higher assay cost, higher toxicity to organism, and sometimes precipitation of 
substrate. The present invention overcomes the difficulty of autofluorescence 
interference by red-shifting the detection wavelength to the visible spectrum 
(tetramethylrhodamine: = 550 nm, = 580 nm). Moreover, the concept 

30 described in this invention can be applicable to other dyes that will also red-shift the 
emission to even longer wavelengths. Typically, useful dyes can have the following 
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characteristics: high extinction coefficient (>80,000 cm^M" 1 ); high quantum yields 
(>0.85 in aqueous solution); spectra that are insensitive to solvent and pH; good 
aqueous solubility, photostability; and high dimerization constant. 

This invention finds use in, but is not limited to, detection and identification 
5 of microorganisms, sterilization assurance, pharmaceutical discovery, enzyme 
assays, and immunoassays. In addition, a fluorogenic substrate for HIV protease 
activity can be useful as a test for antiviral agents that may be useful in AIDS 
therapy. 

Objects and advantages of this invention are further illustrated by the 
10 following examples, but the particular materials and amounts thereof recited in 
these examples, as well as other conditions and details, should not be construed to 
unduly limit this invention. 



EXAMPLES 



15 



In the following examples, 
Val or V = valine; 
Pro or P = proline; 
Arg or R - arginine; 
20 Gly or G = glycine; 

Lys or K = lysine; 

TMR = tetramethylrhodamine or tetramethylrhodamine moiety; 



Example 1. Preparation of fluorogenic protease substrates 
25 Val-Pro-Arg-Gly-Lys was synthesized by GeneMed Biotechnologies (South 

San Francisco, CA) and purified on reverse phase high performance liquid 
chromatography (HPLC). Its chemical identity was confirmed by Fast Atom 
Bombardment (FAB) mass spectroscopy and amino acid analysis. The peptide was 
reacted overnight with tetramethylrhodamine succimidyl ester in 0.1M sodium 
30 bicarbonate, pH 8.3. The reaction mixture was purified on reversed phase HPLC 
(C-18 column, particle size 15 ^m, Waters Corp., Milford, MA). All chemically 
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10 



reactive dyes were purchased from Molecular Probes, Eugene, OR. The dye- 
peptide conjugate had the chemical structure of TMR- Val-Pro-Arg-Gly-Lys-TMR 
(designated T-VPRGK-T in FIG. 2) as shown in Formula 1, below. A composite 
gradient of acetonitrile (ACN) in water was used to purify this conjugate. In a 
typical elution, the acetonitrile content was increased from 15% to 30% during the 
initial 15 minutes, followed by a 10-minute isocratic elution at 30% ACN, a 5- 
minute gradient to 50%, then 5-minute isocratic elution at 50% ACN. All solvents 
contained 0. 1% trifluoroacetic acid. The molecular weight of the purified 
conjugate, determined by FAB mass spectroscopy, was 1379 which was the 
calculated molecular mass based on the elemental composition of C74H85N13O14. 
This dual-labeled conjugate shown below, exhibited substantially lower fluorescence 
than its singly labeled counterpart. 



15 



CH 3x 




CH 3 
CH 3 



C — N — Val Pro — Arg 



H 



Gly — Lys 



Cleavage Site 



Formula I 

Example 2. Hydrolysis of fluorogenic protease substrates by purified enzymes 
Enzymatic hydrolysis of the substrate from Example 1 was carried out in 50 
mM carbonate buffer, pH 8.9 at room temperature. Fluorescence intensity of the 
20 solution prior to treatment with trypsin and after treatment with trypsin is shown in 
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Table 1, for excitation wavelengths of 360 nm, 522 nm, 530 nm, and 553 nm, 
respectively. Besides increase in fluorescence intensity, changes in absorption 
spectra were also observed, as shown in FIG. 2. When intact, the conjugate had an 
absorption maxima at 520 nm with a shoulder at 550 nm (tracing A). This is a 

5 characteristic of dye dimerization or stacking, as described above. Cleavage 
resulted in reversal of the relative absorbance of the two peaks, reverting to the 
spectra of free tetramethyl rhodamine in aqueous solution (tracing B). Both the 
fluorescence and absorption results provided convincing evidence that ground-state 
interactions existed between dye molecules in the conjugate and became diminished 

10 after enzymatic cleavage. 



-16- 



WO 98/50579 



PCT/US97/16579 



Excitation 553 nm 


ratio 


NNNNNNNNNNNNNNNrt 


1*0 
cs 


- 


c 

— i 

o 


8238S 
85120 
87845 
89719 
91555 
93001 
94046 
94816 
94516 
94662 
93715 
93189 
92281 
91125 
89415 
87910 




w/o 
trypsin 


3301 
3402 

^4S7 

3658 
3649 
3802 
3827 
3816 
3806 
3962 
3695 
3825 
3736 
3724 
3593 
3449 


Excitation 530nm 


ratio 


oooor~oor~oot-~oot-\or-t— t-~r-»t-~r- 




w/ 
trypsin 


46615 
48314 
49955 
50871 
52163 
52681 
52855 
53752 
53611 
53534 
53414 
53190 
52569 
51719 
50705 
49629 




w/o 
trypsin 


1687 
1718 
1819 
1844 
1904 
1895 
1968 
1939 
1970 
2026 
1973 
1985 
1948 
1926 
1905 
1820 


Excitation 522 nm 


ratio 


o\i--o\o\r~r-o\r~oo!--o\r-»o\oor«-oo 


00 




B 
o 


40193 
41416 
42506 
43406 
44241 
45037 
45519 
45648 
45980 
45745 
45757 
44936 
44724 
44076 
43282 
42928 




w/o 
trypsin 


oo</ioc7NU"ir'"ir~<NO\f>v>i/-»t~-o\--r^ 
r^csoooTj->*oor~c4t~ONvovoo\Ocs 


Excitation 360 nm 


ratio 


NNNNNNNNNNNNNNNM 


VO 
CM 


w/ 
trypsin 


8625 
8817 
9322 
9189 
9629 
9719 
9759 
9776 
9981 
9872 
9788 
9960 
9783 
9591 
9387 
9427 




w/o 
trypsin 


to en to to to ^ to to to to to to to to to 


Emission 
Wavelength 
(nm) 


O— *<NfOTr*r>vOt^OOOO — (NtOTT^Ti 

r-r^r^r-r^r^t^i^t^r^oooooooooooo 


Average 



WO 98/50579 



PCT/US97/16579 



The data of Table 1 show that, for a wide spectrum of excitation 
frequencies, fluorescence intensity of the cleaved substrate solution is as much as 29 
times that of the intact substrate solution, averaging from 25 to 28 times the 
intensity, for emission wavelengths from 570 to 585 nm, a range easily visible to the 
5 human eye. 



Example 3. Use of fluorogenic protease substrates to detect Vibrio 
Paraeamolyticus 

Vibrio parahaemotyticus used in these experiments was a quality control 

10 strain for the Transport Swab System of Becton Dickinson Microbiology Systems 
(Cockeysville, MD). It was purchased from American Tissue Culture Collection 
(ATCC accession no. 49398). Cells were grown at 37°C in nutrient broth with 3 
percent sodium chloride. Ten ml of overnight culture was centrifuged. Broth was 
disposed and 3 ml of assay buffer added (1 mM EDTA, 50 mM phosphate buffer at 

15 pH 7.2) containing 50 |il of dual labeled conjugate of formula I, 1000 dilution (see 
Example 1, procedure for making labeled peptide). To ensure complete cleavage 
the reaction mixture was incubated overnight. Fluorescence intensity of cuvettes 
with and without cells was measured, (tracings C and D, respectively). The 
resulting spectra are shown in FIG. 3. 

20 Cleavage by the trypsin-like enzyme produced an increase in fluorescence. 

This assay provided a clear, rapid method that was not only detectable by a simple 
fluorometer, but also to the human eye only seconds after trypsin introduction. 

Various modifications and alterations of this invention will become apparent 
to those skilled in the art without departing from the scope and spirit of this 

25 invention, and it should be understood that this invention is not to be unduly limited 
to the illustrative embodiments set forth herein. 
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We Claim: 

A method of biological assay comprising the steps: 

a) providing an enzyme substrate comprising two or more fluorescence 
dye groups bound to a peptide comprising one or more 
enzymatically cleavable bonds, the dye groups being of proximity 
sufficiently close so as to essentially self-quench fluorescence of the 
dye groups, wherein self quenching of fluorescence of the dye 
groups is effected by dye stacking, and 

b) enzymatically cleaving one or more of said cleavable bonds of the 
peptide to release the fluorescence dye groups from dye stacking, 
and producing an increase in fluorescence intensity. 

2. The method according to claim 1 wherein said dye groups are identical. 

15 

3. The method according to claims 1 or 2 wherein said dye groups comprise a 
fluorescence donor and acceptor. 

4. The method according to any one of claims 1 to 3 wherein said dye groups 
20 are separated from each other by a distance of less than 1 00 A. 

5. The method according to any one of claims 1 to 4 wherein said released 
fluorescence dye groups emit radiation in the visible range. 

25 6. The method according to any one of claims 1 to 5 wherein said fluorescence 
dye groups have a planar configuration. 

7. The method according to any one of claims 1 to 6 wherein said dye groups 
are selected from the group consisting of fluorescein, rhodamine, and cyanine dye 
30 groups. 



L 

5 

10 
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8. The method according to any one of claims ] to 7 wherein said peptide 
comprises from about 2 to 10 amino acids, wherein said dye groups bound to said 
peptide form a dye stack and wherein said peptide has at least one enzyme-specific 
cleavable bond. 

5 

9. The method according to any one of claims 1 to 8 wherein said enzyme 
involved in said enzymatic cleaving is selected from the group consisting of aspartic, 
metallo-, thiol, serine, retroviral, and trypsin proteases. 

10 10. A protease substrate for use in the method according to any one of claims 1 
to 9, said protease substrate comprising a peptide and includes two fluorescence 
dye groups, the dye groups being of sufficiently close proximity so as to essentially 
self-quench fluorescence of the dye groups by intramolecular stacking. 

15 11. The protease substrate according to claim 1 0 having the formula 

TMR-Val-Pro-Arg-Gly-Lys-TMR. 

12. A method of detecting a microorganism which produces a characteristic 
enzyme assay, wherein the enzyme assay is in accordance with the method of any 
20 one of claims 1 to 9. 
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